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(57) ABSTRACT

A method for wafer bonding includes: providing a semicon-
ductor wafer having a first main face; fabricating at least one
semiconductor device in the semiconductor wafer, wherein
the semiconductor device is arranged at the first main face;
generating trenches and a cavity in the semiconductor wafer
such that the at least one semiconductor device is connected
to the rest of the semiconductor wafer by no more than at
least one connecting pillar; arranging the semiconductor
wafer on a carrier wafer such that the first main face faces
the carrier wafer; attaching the at least one semiconductor
device to the carrier wafer; and removing the at least one
semiconductor device from the semiconductor wafer by
breaking the at least one connecting pillar.
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Providing a semiconductor wafer comprising a first main face - 301

Fabricating at least one semiconductor device in the
semiconductor wafer, wherein the semiconductor device is - 802
arranged at the first main face

Generating trenches and a cavity in the semiconductor wafer such
that the at lsast one semiconductor device is connected to the rest 203
of the semiconductor wafer by no mors than at [east one
connecting pillar

Arranging the semiconductor wafer on a carrier wafer such that 804
. - - L . T

the first main face faces the carrier wafer

Attaching the at least one semiconductor device to the carrier .~ 305

wafer

Removing the semiconductor device from the semiconductor o~ R06

wafer by breaking the at least one connecting pillar
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METHOD FOR WAFER BONDING AND
COMPOUND SEMICONDUCTOR WAFER

TECHNICAL FIELD

This disclosure relates in general to a method of wafer
bonding as well as to a compound semiconductor wafer
which may be obtained from such a method.

BACKGROUND

Every semiconductor device comprises at least one semi-
conductor die. However, for certain applications it may be
beneficial to use a compound semiconductor device (that is,
a device with at least two dies that are mechanically and/or
electrically coupled to each other). For example, long range
LIDAR applications may benefit from using infrared light in
order to not be harmful for the human eye. However, silicon,
the most commonly used semiconductor material, cannot be
used to provide an efficient optical semiconductor device
sensitive in the infrared spectrum. Instead, Germanium is a
suitable material for such a device and it may therefore be
desirable to combine a Germanium based detector or emitter
with a silicon based controller. Common methods of pro-
viding such compound devices may suffer from high com-
plexity, process inefficiency and/or high costs. Improved
methods of wafer bonding as well as improved compound
semiconductor devices may help with solving these and
other problems.

The problem on which the invention is based is solved by
the features of the independent claims. Further advantageous
examples are described in the dependent claims.

SUMMARY

Various aspects pertain to a method for wafer bonding, the
method comprising: providing a semiconductor wafer com-
prising a first main face, fabricating at least one semicon-
ductor device in the semiconductor wafer, wherein the
semiconductor device is arranged at the first main face,
generating trenches and a cavity in the semiconductor wafer
such that the at least one semiconductor device is connected
to the rest of the semiconductor wafer by no more than at
least one connecting pillar, arranging the semiconductor
wafer on a carrier wafer such that the first main face faces
the carrier wafer, attaching the at least one semiconductor
device to the carrier wafer, and removing the semiconductor
device from the semiconductor wafer by breaking the at
least one connecting pillar.

Various aspects pertain to a compound semiconductor
device, comprising: a first semiconductor die comprising a
first main face, an opposing second main face and lateral
faces connecting the first and second main faces, wherein a
first semiconductor device is provided by the first semicon-
ductor die, a second semiconductor die comprising a first
main face, wherein the first main faces of the first and second
semiconductor dies face each other, wherein a second semi-
conductor device is provided by the second semiconductor
die, and an eutectic bond arranged between the first main
faces and mechanically coupling the first and second semi-
conductor dies to each other, wherein the first semiconductor
die comprises at least one mechanical fracture area on the
second main face and/or the lateral faces.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings illustrate examples and
together with the description serve to explain principles of
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the disclosure. Other examples and many of the intended
advantages of the disclosure will be readily appreciated in
view of the following detailed description. The elements of
the drawings are not necessarily to scale relative to each
other. Identical reference numerals designate corresponding
similar parts.

FIG. 1 shows a sectional view of a compound semicon-
ductor device comprising two semiconductor dies attached
to each other by a bond, wherein one of the semiconductor
dies comprises a mechanical fracture area.

FIGS. 2A-2F show sectional views of a compound semi-
conductor device in various stages of fabrication according
to an exemplary method of wafer bonding.

FIGS. 3A-3E show an exemplary method of generating
trenches and a cavity in a semiconductor wafer.

FIGS. 4A and 4B show a further exemplary semiconduc-
tor wafer, wherein connecting pillars coupling a semicon-
ductor die to the rest of the wafer are arranged along lateral
faces of the die.

FIG. 5 shows an exemplary method of reusing a semi-
conductor wafer after at least one semiconductor die has
been singulated out of the wafer.

FIG. 6 shows a top view of a further exemplary semi-
conductor die which comprises a first pad for generating a
mechanical connection to another semiconductor die as well
as separate second pads for providing electrical connections
to the other semiconductor die.

FIG. 7 shows a sectional view of a semiconductor module
comprising a compound semiconductor device.

FIG. 8 is a flow chart of an exemplary method for wafer
bonding.

DETAILED DESCRIPTION

In the following detailed description, directional termi-
nology, such as “top”, “bottom”, “left”, “right”, “upper”,
“lower” etc. is used with reference to the orientation of the
Figure(s) being described. Because components of the dis-
closure can be positioned in a number of different orienta-
tions, the directional terminology is used for purposes of
illustration only.

Furthermore, to the extent that the terms ‘“include”,
“have”, “with” or other variants thereof are used in either the
detailed description or the claims, such terms are intended to
be inclusive in a manner similar to the term “comprise”. The
terms “coupled” and “connected”, along with derivatives
thereof may be used. It should be understood that these
terms may be used to indicate that two elements cooperate
or interact with each other regardless whether they are in
direct physical or electrical contact, or they are not in direct
contact with each other; intervening elements or layers may
be provided between the “bonded”, “attached”, or “con-
nected” elements. However, it is also possible that the
“bonded”, “attached”, or “‘connected” elements are in direct
contact with each other. Also, the term “exemplary” is
merely meant as an example, rather than the best or optimal.

The semiconductor dies mentioned below may have con-
tact pads (or electrodes) which allow electrical contact to be
made with the integrated circuits included in the semicon-
ductor dies. The electrodes may be arranged all at only one
main face of the semiconductor dies or at both main faces of
the semiconductor dies. They may include one or more
electrode metal layers which are applied to the semiconduc-
tor material of the semiconductor dies. The semiconductor
dies may be bonded to a carrier. The carrier may be a
(permanent) device carrier used for packaging. The carrier
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may comprise or consist of any sort of material as, for
example, ceramic or metallic material, copper or copper
alloy or iron/nickel alloy.

An efficient method of wafer bonding as well as an energy
efficient compound semiconductor device may for example
reduce one or more of material consumption, ohmic losses,
chemical waste, etc. and may thus enable energy and/or
resource savings. Improved methods of wafer bonding as
well as improved compound semiconductor devices as
specified in this description may thus at least indirectly
contribute to green technology solutions, i.e. climate-
friendly solutions providing a mitigation of energy and/or
resource use.

FIG. 1 shows a compound semiconductor device 100
which comprises a first semiconductor die 110, a second
semiconductor die 120, and a bond 130 mechanically cou-
pling the first and second semiconductor dies 110, 120 to
each other.

The first semiconductor die 110 comprises a first main
face 111, an opposing second main face 112 and lateral faces
113 connecting the first and second main faces 111, 112. The
first semiconductor die 110 comprises at least one mechani-
cal fracture area 160 on the second main face 112 and/or on
one or more of the lateral faces 113. Furthermore, a first
semiconductor device 140 is provided by the first semicon-
ductor die 110.

The second semiconductor die 120 comprises a first main
face 121, wherein the first main faces 111, 121 of the first
and second semiconductor dies 110, 120 face each other. The
second semiconductor die 120 may also comprise a second
main face 122 opposite the first main face 121. Furthermore,
a second semiconductor device 150 is provided by the
second semiconductor die 120.

The bond 130 is arranged between the first main faces
111, 121 and mechanically couples the first and second
semiconductor dies 110, 120 to each other.

The compound semiconductor device 100 may be any
type of device, e.g. a sensor device, an optical device, an
integrated circuit device, a power device, etc. The first
semiconductor device 140 and/or the second semiconductor
device 150 may for example comprise a transistor circuit, a
LED, a diode (e.g. a Zener diode), an integrated circuit, a
driver circuit, a power semiconductor device, a sensor, an
emitter, an optical semiconductor device, a LIDAR device,
an infrared device, etc. According to an example, first
semiconductor device 140 is an emitter or a sensor and the
second semiconductor device 150 is a controller or driver for
the first semiconductor device 140.

The first and second semiconductor dies 110, 120 may
comprise or consist of the same semiconductor material or
different semiconductor materials. The first and second
semiconductor dies 110, 120 may e.g. comprise or consist of
Si, Ge, GaAs, GaN, SiC, etc. According to an example, the
first semiconductor die 110 comprises or consists of Ge and
the second semiconductor die 120 comprises or consists of
Si.

The first and second semiconductor devices 140, 150 may
for example be arranged at the respective first main faces
111, 121 as shown in the example of FIG. 1. However, it is
also possible that the first and/or second semiconductor
device 140, 150 is arranged at any other suitable location in
the respective semiconductor die 110, 120.

The first and second semiconductor dies 110, 120 may
have any suitable dimensions. For example, they may have
a width measured between opposing lateral sides 113 of 500
um or more, 1 mm or more, 5 mm or more, or 10 mm or
more. The first and second semiconductor dies 110, 120 may
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for example each have a thickness measured between the
first and second main faces 111, 112, respectively 121, 122
of 20 um or more, 50 pm or more, 100 um or more, 200 um
or more, 500 pm or more, or 1 mm or more. The first and
second semiconductor dies 110, 120 do not necessarily have
to have identical dimensions as shown in the example of
FIG. 1. Instead, the first semiconductor die 110 may for
example be smaller than the second semiconductor die 120.

The first and second semiconductor dies 110, 120 may
comprise a semiconductor monocrystalline material and
they may for example further comprise an epitaxial layer
and/or an oxide layer. The oxide layer may for example be
arranged at the respective first main face 111, 121. The
fracture area 160 may be arranged in the semiconductor
monocrystalline material. In a prior state of fabrication (e.g.
before singulation) the at least one fracture area 160 may
have been an area where the first semiconductor die 110 has
been connected to a semiconductor wafer. According to an
example, one or more fracture areas 160 are arranged on the
second main face 112 but no fracture area 160 is arranged on
the lateral faces 113. According to another example, one or
more fracture areas 160 are arranged on the lateral faces 113
but no fracture area 160 is arranged on the second main face
112. According to yet another example, fracture areas 160
are arranged both on the second main face 112 and on at least
one lateral face 113.

The at least one fracture area 160 may have any suitable
dimensions and any suitable shape. For example, a width of
the fracture area 160 may be in the range of about one
hundredth to about one half of the width of the first semi-
conductor die 110, e.g. about one tenth or about one quarter.
The fracture area 160 may for example have an essentially
round shape, rectangular shape, quadratic shape, etc. A
single fracture area 160 may for example be arranged
essentially in the middle of the second main face 112, or two
or more fracture areas 160 may be arranged in any suitable
geometric pattern, e.g. a symmetric pattern. The at least one
fracture area 160 may e.g. comprise no more than 50% of the
surface area of the second main face 112 and/or the lateral
faces 113, or no more than 30%, or no more than 10%.

The bond 130 may be any suitable type of bond that offers
sufficient mechanical strength and/or a low electrical resis-
tance. The bond 130 may for example be a eutectic bond, a
solder bond, a bond comprising a conductive adhesive, etc.
In the case that the bond 130 is a eutectic bond, it may
comprise an Al—Ge eutectic alloy (e.g. with an Al content
in the range of 60 at % to 90 at %, or it may for example
comprise 49 wt % Al and 51 wt % Ge). The Al content of
the eutectic bond may be provided by an Al layer (e.g. a
structured Al layer) arranged on the first main face 121 of the
second semiconductor die 120. The (structured) Al layer
may e.g. be arranged within an oxide layer or on top of an
oxide layer of the second semiconductor die 110. According
to an example, the (structured) Al layer has a thickness in the
range of 500 nm to 2 um, e.g. about 800 nm, about 1 pum,
about 1.4 um, or about 1.6 um. The Ge content of the
eutectic bond may be provided by the semiconductor mate-
rial of the first semiconductor die 110. The bond 130 may
have any suitable thickness and any suitable shape.

With respect to FIGS. 2A to 2F, a method for wafer
bonding is shown. This method may for example be used
during fabrication of the compound semiconductor device
100.

As shown in FIG. 2A, a semiconductor wafer 200 com-
prising a first main face 201 is provided. At least one first
semiconductor device 140 is fabricated in the semiconductor
wafer 200 such that the first semiconductor device 140 is
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arranged at the first main face 201. In other words, the
semiconductor wafer 200 may comprise at least one first
semiconductor die 110 which has not been singulated yet.

The semiconductor wafer 200 may for example comprise
or consist of Ge or any other suitable semiconductor mate-
rial, as described further above with respect to the first
semiconductor die 110. A thickness of the semiconductor
wafer 200 measured between the first main face 201 and an
opposing second main face 202 may be much greater than
the thickness of the first semiconductor die 110, e.g. more
than five times greater, or more ten times greater, or more
than 100 times greater.

As shown in FIG. 2B, trenches 210 and a cavity 220 are
generated in the semiconductor wafer 200 such that the at
least one first semiconductor die 110 is connected to the rest
of the semiconductor wafer 200 by no more than at least one
connecting pillar 230. The at least one connecting pillar 230
may e.g. be part of the semiconductor monocrystal of the
semiconductor wafer 200.

The trenches 210 may be arranged laterally next to the
semiconductor die 110 and may separate neighboring semi-
conductor dies 110 from each other. The cavity 220 may be
arranged below the second main face 112 of the at least one
semiconductor die 110. The trenches 210 and the cavity 220
may be connected to each other such that the semiconductor
die 110 is completely surrounded by the trenches 210 and the
cavity 220 on the lateral faces 113 and the second main face
112, except for the at least one connecting pillar 230.

Fabricating the trenches 210 and/or the cavity 220 may
comprise etching a plurality of pits into the semiconductor
wafer 200 and subsequently annealing the semiconductor
wafer 200 such that the plurality of pits forms the cavity 220.
This process is described in greater detail with respect to
FIGS. 3A-3E.

As shown in FIG. 2C, the semiconductor wafer 200 is
arranged on a carrier wafer 240 such that the first main face
201 faces the carrier wafer 240. The carrier wafer 240 may
for example comprise or consist of Si or any other suitable
semiconductor material as described further above with
respect to the second semiconductor die 120. However, the
carrier wafer 240 does not necessarily need to comprise a
semiconductor material. In this case, the carrier wafer 240
may for example comprise or consist of a glass wafer.

The carrier wafer 240 may comprise a first main face 241
facing the semiconductor wafer 200. A bonding material
layer 250 may be arranged on the first main face 241. The
bonding material layer 250 may be a structured layer or an
unstructured layer. The bonding material layer 250 may for
example be a metal layer. For example, in the case that
eutectic bonding is to be used to attach the semiconductor
die 110 to the carrier wafer 240, the bonding material layer
250 may comprise an Al layer. In the case that soldering is
to be used, the bonding material layer 250 may comprise
solder material. In the case that gluing is to be used, the
bonding material layer 250 may comprise (conductive)
adhesive.

The carrier wafer 240 may comprise at least one second
semiconductor device 150 which may for example be
arranged at the first main face 241. Each second semicon-
ductor device 150 may be arranged directly opposite a
respective first semiconductor device 140.

Arranging the semiconductor wafer 200 over the carrier
wafer 240 may comprise aligning the at least one first
semiconductor device 140 with the at least one second
semiconductor device 150. Alignment features on the semi-
conductor wafer 200 and on the carrier wafer 240 may be
used to align the wafers 200, 240 with the required accuracy.
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As shown in FIG. 2D, the at least one first semiconductor
device 140 (or the at least one first semiconductor die 110)
is attached to the carrier wafer 240, thereby forming the
bond 130. This may e.g. comprise eutectic bonding or
soldering or gluing. The at least one first semiconductor die
110 may be coupled to the carrier wafer 240 by the bond 130
only mechanically or it may be coupled to the carrier wafer
240 by the bond 130 both mechanically and electrically
(meaning that the first and second semiconductor devices
140, 150 are electrically coupled to each other by the bond
130).

As shown in FIG. 2E, the at least one first semiconductor
device 140 (or the at least one first semiconductor die 110)
is removed from the semiconductor wafer 200 by breaking
the at least one connecting pillar 230. The at least one
connecting pillar 230 may for example be broken by apply-
ing a mechanical force. For example, simply moving apart
the semiconductor wafer 200 and the carrier wafer 240 may
break the connecting pillar(s) 230. Alternatively, the semi-
conductor wafer 200 may be jolted or vibrations induced
mechanically or by ultrasonic sound may be used to break
the connecting pillar(s).

The strength of the bond 130 may be greater than the
strength of the connecting pillar(s) 230 such that the at least
one first semiconductor die 110 stays firmly in place on the
carrier wafer 240 when the at least one connecting pillar 230
is broken. The strength or stability of the connecting pillar(s)
230 may for example be adjusted by choosing a particular
pillar thickness or pillar diameter.

FIG. 2F shows an optional singulation process, wherein at
least one second semiconductor die 120 (with the first
semiconductor die 110 attached to it) is singulated out of the
carrier wafer 240. Singulation may comprise cutting the
carrier wafer 240 along cutting lines 260. Singulation in
particular does not comprise cutting the semiconductor
wafer 200 because the at least one first semiconductor die
110 has already been singulated out of the semiconductor
wafer 200 by breaking the at least one connecting pillar 230.

As shown in FIGS. 2A-2F, a multitude of first semicon-
ductor dies 110 may be arranged on and attached to the
carrier wafer 240 simultaneously and this multitude of first
semiconductor dies 110 may also be simultaneously singu-
lated out of the semiconductor wafer 200 by breaking the
respective connecting pillars 230. However, it is also pos-
sible that only a single first semiconductor die 110 is
arranged on and attached to the carrier wafer 240. In other
words, the method of wafer bonding shown in FIGS. 2A-2F
may or may not incorporate a batch process.

For example, in the case that only one or only several
particular first semiconductor die(s) 110 out of a multitude
of first semiconductor dies 110 comprised in the semicon-
ductor wafer 200 is/are to be attached to the carrier wafer
240, bonds 130 may be fabricated selectively only under
this/these first semiconductor die(s) 110.

According to an example, the second main face 112 of the
at least one first semiconductor die 110 may be polished after
removing the at least one first semiconductor die 110 from
the semiconductor wafer 200. In this case, the second main
face 112 does not comprise the fracture area 160.

With respect to FIGS. 3A to 3E an exemplary method for
generating the trenches 210 and the cavity 220 in the
semiconductor wafer 200 is described. Such a method is for
example described in greater detail in the US 2014/0097521
Al for the example of a Si wafer.

As shown in FIG. 3A, a plurality of pits 300 is generated
in the semiconductor wafer 200, e.g. by anisotropic etching.
This may comprise applying a resist layer 310 (e.g. an
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organic resist or an inorganic resist like an oxide) to the
semiconductor wafer 200 and patterning the resist layer 310
(e.g. by photolithographic means). The pits 300 are then
etched into those parts of the semiconductor wafer 200 that
are not protected by the patterned resist layer 310.

The pits 300 may for example have a depth d of about 1
um to about 10 pm. The pits 300 may e.g. have a width w
of about 0.1 um to about 1 pm. Adjacent pits 300 may e.g.
be arranged at a spacing x; of about 0.1 um to about 1 pum,
e.g. about 0.5 pym. However, in regions where a connecting
pillar 230 shall be created, adjacent pits 300 may be
arranged at a second spacing X,, wherein x,>%X,. For
example, X, may be about 0.9 um or more. According to an
example, X, is equal to or smaller than 3 um, or equal to or
smaller than 2.5 um, or equal to or smaller than 2 um.

As shown in FIG. 3B, the resist layer 310 is removed and
an annealing process is applied to the semiconductor wafer
200. The annealing process causes a shape change of the pits
300 due to an increase in surface diffusivity of atoms on the
exposed surfaces within the pits 300. FIG. 3C shows a view
down onto a section of the semiconductor wafer 200 in the
state of fabrication shown in FIG. 3B.

As shown in FIG. 3D, upon further annealing, the globu-
lar shaped bottom parts of the pits 300 coalesce to form the
cavity 220, whereas the top parts of the pits 300 may close
off completely. Connecting pillars 230 remain in those parts
where the pits 300 were arranged at the spacing x,.

The annealing process may e.g. be performed at a tem-
perature in the range of about 900° C. to about 1150° C.; a
pressure in the range of about 1 Torr to about 760 Torr,
particularly a range of about 10 Torr to about 30 Torr; an
annealing time may be in the range of about 1 min to about
60 min; a hydrogen atmosphere may be used during anneal-
ing.

As shown in FIG. 3E, the trenches 210 may be etched into
the semiconductor wafer 200. At this point, the first semi-
conductor die(s) 110 is/are physically connected to the rest
of the semiconductor wafer 200 solely by the at least one
connecting pillar 230.

FIGS. 4A and 4B show a further semiconductor wafer 400
which may be similar to or identical with the semiconductor
wafer 200, except for the differences described in the
following. FIG. 4A shows a sectional view and FIG. 4B
shows a top view.

In the semiconductor wafer 400, connecting pillars 230
are arranged on the lateral faces 113 of the first semicon-
ductor die(s) 110 instead of on the second main face 112 as
in the semiconductor wafer 200. The connecting pillars 230
may e.g. be arranged on two opposing lateral faces 113 or on
all four lateral faces 113.

FIG. 5 shows an exemplary method of reusing the semi-
conductor wafer 200 after the at least one first semiconduc-
tor die 110 has been singulated as shown in FIG. 2E.

As shown in FIG. 5, a grinding process (e.g. CMP) may
be used to grind away residuals on the first main face 201
and to re-flatten the semiconductor wafer 200. Afterwards,
the semiconductor wafer 200 may be cleaned and one or
more new first semiconductor devices 140 and respective
first semiconductor dies 110 may be fabricated in the semi-
conductor wafer 200. For example, no more than about 500
um may have to be ground away from the semiconductor
wafer 200 which means that it may be possible to reuse one
particular semiconductor wafer 200 several times, signifi-
cantly reducing fabrication costs.

FIG. 6 shows a top view onto a first main face 601 of a
further second semiconductor die 600. The further second
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semiconductor die 600 may be similar to or identical with
the second semiconductor die 120, except for the differences
described in the following.

The further second semiconductor die 600 comprises a
bond pad 610 and a plurality of electrical connection pads
620 different from the bond pad 610. The bond pad 610 may
be used to fabricate the bond 130 which solely mechanically
couples the first and second semiconductor dies 110, 120 to
each other. The electrical connection pads 620 may be used
to fabricate electrical connections between the first and
second semiconductor devices 140, 150. In other words, a
mechanical and an electrical coupling between the semicon-
ductor dies 110, 600 of a compound semiconductor device
100 are split up.

According to another example, the bond pad 610 is
electrically coupled to the second semiconductor device 150
and both an electrical and a mechanical connection between
the first and second semiconductor dies 110, 600 is provided
by forming the bond 130 at the bond pad 610. In this case,
the electrical connection pads 620 provide additional elec-
trical connections.

FIG. 7 shows an exemplary semiconductor module 700
comprising the compound semiconductor device 100. The
semiconductor module 700 comprises an optical filter 710
arranged over the second main face 112 of the first semi-
conductor die 110. The semiconductor module 700 may e.g.
further comprise a reflector 720 arranged on the second
semiconductor die 120 below the first main face 111 of the
first semiconductor die 110. The first semiconductor die 110
of the semiconductor module 700 may e.g. comprise an
optical sensor or an LED and the second semiconductor die
120 may e.g. be a CMOS die configured to control the first
semiconductor die 110. The semiconductor module 700 may
comprise additional components like an encapsulation, a
carrier, external contacts, etc.

FIG. 8 is a flow chart of a method 800 for wafer bonding.
The method 800 comprises at 801 an act of providing a
semiconductor wafer comprising a first main face, at 802 an
act of fabricating at least one semiconductor device in the
semiconductor wafer, wherein the semiconductor device is
arranged at the first main face, at 803 an act of generating
trenches and a cavity in the semiconductor wafer such that
the at least one semiconductor device is connected to the rest
of the semiconductor wafer by no more than at least one
connecting pillar, at 804 an act of arranging the semicon-
ductor wafer on a carrier wafer such that the first main face
faces the carrier wafer, at 805 an act of attaching the at least
one semiconductor device to the carrier wafer, and at 806 an
act of removing the semiconductor device from the semi-
conductor wafer by breaking the at least one connecting
pillar.

In the following, the method for wafer bonding and the
compound semiconductor device are further described using
specific examples.

Example 1 is a method for wafer bonding, the method
comprising: providing a semiconductor wafer comprising a
first main face, fabricating at least one semiconductor device
in the semiconductor wafer, wherein the semiconductor
device is arranged at the first main face, generating trenches
and a cavity in the semiconductor wafer such that the at least
one semiconductor device is connected to the rest of the
semiconductor wafer by no more than at least one connect-
ing pillar, arranging the semiconductor wafer on a carrier
wafer such that the first main face faces the carrier wafer,
attaching the at least one semiconductor device to the carrier
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wafer, and removing the semiconductor device from the
semiconductor wafer by breaking the at least one connecting
pillar.

Example 2 is the method of example 1, wherein the
generating comprises etching a plurality of pits into the
semiconductor wafer and subsequently annealing the semi-
conductor wafer such that the plurality of pits forms the
cavity.

Example 3 is the method of example 1 or 2, wherein the
attaching comprises eutectic bonding.

Example 4 is the method of example 3, wherein the at
least one semiconductor device is held in place during the
breaking of the at least one connecting pillar by the eutectic
bond.

Example 5 is the method of example 3 or 4, wherein the
eutectic bonding comprises the formation of an Al—Ge
eutectic alloy.

Example 6 is the method of one of the preceding
examples, wherein the semiconductor wafer comprises or
consists of Ge and wherein the carrier wafer comprises or
consists of Si or glass.

Example 7 is the method of one of the preceding
examples, wherein the at least one connecting pillar has a
diameter of no more than 2 um.

Example 8 is the method of one of the preceding
examples, wherein the at least one connecting pillar consists
of the semiconductor material of the semiconductor wafer.

Example 9 is the method of one of the preceding
examples, wherein the at least one connecting pillar is
arranged in the cavity directly below the at least one
semiconductor device.

Example 10 is the method of one of examples 1 to 8,
wherein the at least one connecting pillar is arranged in one
of the trenches laterally next to the at least one semicon-
ductor device.

Example 11 is the method of one of the preceding
examples, wherein breaking the at least one connecting
pillar comprises lifting the semiconductor wafer away from
the carrier wafer.

Example 12 is the method of one of the preceding
examples, further comprising: fabricating at least one further
semiconductor device in the carrier wafer, and electrically
coupling the at least one further semiconductor device to the
at least one semiconductor device.

Example 13 is the method of example 12, wherein the at
least one further semiconductor device is coupled to the at
least one semiconductor device when the at least one semi-
conductor device is attached to the carrier wafer.

Example 14 is a compound semiconductor device, com-
prising: a first semiconductor die comprising a first main
face, an opposing second main face and lateral faces con-
necting the first and second main faces, wherein a first
semiconductor device is provided by the first semiconductor
die, a second semiconductor die comprising a first main
face, wherein the first main faces of the first and second
semiconductor dies face each other, wherein a second semi-
conductor device is provided by the second semiconductor
die, and an eutectic bond arranged between the first main
faces and mechanically coupling the first and second semi-
conductor dies to each other, wherein the first semiconductor
die comprises at least one mechanical fracture area on the
second main face and/or the lateral faces.

Example 15 is the compound semiconductor device of
example 14, wherein the first semiconductor device is an
optical device and wherein the second semiconductor device
is a control device or a driver device configured to control
or to drive the first semiconductor device.
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Example 16 is an apparatus comprising means for per-
forming the method according to one of examples 1 to 13.

While the disclosure has been illustrated and described
with respect to one or more implementations, alterations
and/or modifications may be made to the illustrated
examples without departing from the spirit and scope of the
appended claims. In particular regard to the various func-
tions performed by the above described components or
structures (assemblies, devices, circuits, systems, etc.), the
terms (including a reference to a “means”) used to describe
such components are intended to correspond, unless other-
wise indicated, to any component or structure which per-
forms the specified function of the described component
(e.g., that is functionally equivalent), even though not struc-
turally equivalent to the disclosed structure which performs
the function in the herein illustrated exemplary implemen-
tations of the disclosure.

What is claimed is:

1. A method for wafer bonding, the method comprising:

providing a semiconductor wafer comprising a first main

face;

fabricating at least one semiconductor die in the semi-

conductor wafer, wherein the at least one semiconduc-
tor die comprises a first main face arranged at the first
main face of the semiconductor wafer, an opposing
second main face, lateral faces connecting the first and
second main faces, at least one mechanical fracture area
on the second main face and/or the lateral faces, and at
least one semiconductor device in the semiconductor
wafer, wherein the at least one semiconductor device is
arranged at the first main face of the semiconductor
wafer;

generating trenches and a cavity in the semiconductor

wafer such that the at least one semiconductor device is
connected to the rest of the semiconductor wafer by no
more than at least one connecting pillar;

arranging the semiconductor wafer on a carrier wafer such

that the first main face of the semiconductor wafer
faces the carrier wafer;

attaching the at least one semiconductor device to the

carrier wafer; and

removing the at least one semiconductor device from the

semiconductor wafer by breaking the at least one
connecting pillar.

2. The method of claim 1, wherein the generating com-
prises etching a plurality of pits into the semiconductor
wafer and subsequently annealing the semiconductor wafer
such that the plurality of pits forms the cavity.

3. The method of claim 1, wherein the attaching com-
prises eutectic bonding.

4. The method of claim 3, wherein the at least one
semiconductor device is held in place during the breaking of
the at least one connecting pillar by a eutectic bond produced
by the eutectic bonding.

5. The method of claim 3, wherein the eutectic bonding
comprises formation of an Al-Ge eutectic alloy.

6. The method of claim 1, wherein the semiconductor
wafer comprises Ge, and wherein the carrier wafer com-
prises Si or glass.

7. The method of claim 1, wherein the at least one
connecting pillar has a diameter of no more than 2 um.

8. The method of claim 1, wherein the at least one
connecting pillar consists of the semiconductor material of
the semiconductor wafer.

9. The method of claim 1, wherein the at least one
connecting pillar is arranged in the cavity directly below the
at least one semiconductor device.
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10. The method of claim 1, wherein the at least one
connecting pillar is arranged in one of the trenches laterally
next to the at least one semiconductor device.

11. The method of claim 1, wherein breaking the at least
one connecting pillar comprises lifting the semiconductor
wafer away from the carrier wafer.

12. The method of claim 1, further comprising:

fabricating at least one further semiconductor device in

the carrier wafer; and

electrically coupling the at least one further semiconduc-

tor device to the at least one semiconductor device.

13. The method of claim 12, wherein the at least one
further semiconductor device is coupled to the at least one
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ing the first and second main faces, wherein a first
semiconductor device is provided by the first semicon-
ductor die;

a second semiconductor die comprising a first main face,
wherein the first main faces of the first and second
semiconductor dies face each other, wherein a second
semiconductor device is provided by the second semi-
conductor die; and

an eutectic bond arranged between the first main faces and
mechanically coupling the first and second semicon-
ductor dies to each other,

wherein the first semiconductor die comprises at least one
mechanical fracture area on the second main face
and/or the lateral faces.

15. The compound semiconductor device of claim 14,

semiconductor device when the at least one semiconductor 15 wherein the first semiconductor device is an optical device,

device is attached to the carrier wafer.
14. A compound semiconductor device, comprising:

a first semiconductor die comprising a first main face, an
opposing second main face, and lateral faces connect-

and wherein the second semiconductor device is a control
device or a driver device configured to control or to drive the
first semiconductor device.
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